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COST OF ADDRESSING TARGETS OF UNEQUAL VALUE

Gregory H. Canavan

First strike costs are generalized to include higher value targets. As the
number of weapons decreases, second strikes shift to high value targets.
An increased preference for damaging high value targets or a decreased
preference for preventing damage to one’s own decrease first strike costs
and stability. Defenses reduce second strikes, first strike costs, and the
number of weapons delivered on the first striker’s high value targets.

Introduction. The formalism for evaluating first strike costs and incentives for military
targeting generalize to include higher value targets. That introduces two new allocations to the
usual allocation between missiles and military targets, but they can be performed analytically. As
the number of weapons on each side decreases, the optimal fraction of second strike weapons
allocated to military values falls. The shift to high value targets is more pronounced below about
1,000 weapons for nominal parameters. Below 500 weapons the first striker’s cost of action
drops below its cost of inaction. A strike would induce a second strike of about 250 weapons on
high value targets. An increase in the first striker’s preference for damage to the other’s high
value targets increases or a decrease in its preference for preventing damage to its own high
value targets decreases first strike costs and stability margins.

Including defenses complicates allocations slightly. The main effect is increased attrition
of second strikes, particularly at larger defenses, which makes it possible to significantly reduce
damage to high value targets. At 1,000 weapons, by 300 to 400 interceptors the first striker’s
costs are reduced to 30% below that of inaction and the number of weapons delivered on the first
striker’s high value targets is reduced to about 100.

Exchanges are modeled and optimized with generalizations of previous work.' Side U
has M vulnerable missiles with m warheads each and N survivable missiles with n warheads for
a total of W = mM + nN warheads. Side P, whose forces and costs are denoted by primes, has M’
vulnerable missiles with m” warheads each and N’ survivable missiles with n” warheads for a
total of W> =m’M’ + n’N’ warheads. If U strikes first, it delivers a fraction f of its W weapons
on P’s vulnerable missiles and the remaining 1 — f in a first strike on value targets of magnitude

F=(1-HW. (1)



The counter force strike of an average of r = fW/M’ warheads on each vulnerable missile, which
gives them a survival probability Q’ determined by the weapons’ kill probability isp=1—q. If
[r] is the integer part of r, a fraction r - [r] of the missiles are struck by [r] + 1 weapons and a

fraction [r] + 1 —r are struck by [r], whereby

Q = (- [DqM P+ (1] + 1 -1g™ =1 —p—[1]) ¢, )
Prime’s launched second strike is
S’ — Q,m’M’ + n’N)’ (3)

which is delivered on value, as residual weapons are taken to have no value. Unprime’s second
strike and primes first strike are obtained by conjugating (interchanging primed and unprimed
terms) in Eqns. (1) to (3).

Costs. First and second strikes are converted into costs through exponential
approximations to the value of the targets destroyed. It is assumed that U has 1/k and P has 1/k’
military value target and that U has 1/v and P has 1/v’ higher value targets. U divides its first
strike between P’s military and higher value targets, allocating a fraction h to the former and 1- h
to the latter, which produces first strike costs of

Cimo=Le™™, (4)

Crio= Ve, (%)
where Cjpn, is the cost to U of its incomplete damage to P’s military value and C,,, is the cost to
U of its incomplete damage to P’s higher value targets. L is U’s preference for attacking P’s
military targets relative to preventing damage to its own. Thus, V/L indicates U’s preference for
attacking P’s higher value targets relative to that for attacking military targets.

P also divides its second strike between U’s military and higher value targets, allocating a
fraction g to the former and 1- g to the latter, which produces costs to first striker U of

Cims=1-e™*% (6)

Ciys = K(1 - ™85, (7)

where Cjps 1s the cost to U of P’s damage to U’s military targets and Cys is the cost of P’s
damage to U’s higher value targets. K is the priority U assigns to damage on its higher value
targets relative to that given to damage on its military targets. U’s cost for striking first is

Ci=Cim+Ciy=Cims T Cimo T Civs + Civo

= (1-eS) 4 pLekIr

+ K(l _ e-V(l-g’)S’) + Ve-V’(l-h)F’ (8)



The first two terms are the cost of damage to U and incomplete damage to P’s military targets,
which are included in previous analyses. The last two are the corresponding costs of damage to
U and incomplete damage to P’s higher value targets, which are new. Thus, for K and V small,
the analysis reproduces previous results, while for K and V large it should migrate to a stability
analysis based on high value rather than military targets. From the form of the damage functions
implicit in Eq. (8) it follows that for K and V> 1 and v’ <k’, U sees an incentive to
preferentially strike high value targets.

Allocations. U chooses f and h to minimize C;. When higher value targets are included, P
can also choose g to maximize C;. Thus, there are two optimizations. U attempts to minimize C,;
through appropriate choice of f and h, while for every choice, P chooses g to maximize U’s C;. It
is useful to treat this joint optimization in two steps. In the first, g is varied exogenously,
optimizing f and h for each value of g. In the second, all three are optimized for each value of
force levels.

Equal forces and target structures. Assume unprime and prime have 1/k = 1/k’ = 1,000
military, 1/v =1/v’ =100 high value targets, M = N = 500 missiles, and m = n = 2 warheads per
missiles and parameters L = 0.5 and K =V =1, i.e., a modest preference for high value targets
and roughly equal preferences for striking and protecting high value targets. For those
parameters, h = 0.7 for all values of g, while U’s allocation to missiles f increases roughly
linearly to 0.4 as g increases from 0 to 1.

Figure 1 shows how the various components of cost vary with g. Cy,s increases with g
from about 0.2 to 0.6 with diminishing returns; C;,, increases slightly with g to 0.2; the overall
Cim increases with C,s to about 0.8. Conversely, Cyys is roughly constant at small g, but falls at
large g, and C,y, 1s small throughout, so Cj, falls with C,s at larger g. The total C; increases
with C;s at small g and falls with C, at large g, so it. has a maximum of ~ 1.7 at g ~ 0.7, which
is value of g that P would choose to maximize U’s cost of striking first. Note that this maximum
value of 1.7 is larger than L + V =0.5 + 1 = 1.5, which is U’s cost of inaction.

Although inappropriate, a choice of g <0.35 by P, i.e., a second strike primarily on high
value targets, would produce a U cost of first strike less than that of inaction, i.e, it would
produce an incentive to strike. A strike totally on military targets, g = 1, would produce a first
strike cost about equal to the cost of inaction. Thus, the proper admixture of higher value targets

can stabilize configurations that would be unstable if targeting was confined to military targets.



Figure 2 shows the impact of reduced forces M = N = 250 with m =n = 2. The cost of
damage to military targets again increases with g, but the reduction in forces causes C,y to drop
more rapidly, which shifts the optimum value of g to 0.5 and reduces the maximum in C; to
about 1.6. As the number of missiles falls, the optimum continues to shift to smaller g. Reducing
force levels at constant cost parameters shifts targeting from military to high value targets.

Optimum allocations. Since the total first and second strikes are determined by the
allocation f, the secondary allocations g and h can be determined by differentiating the costs of
Eq. (8) with respect to them. The partial derivative of C; with respect to g’ determines the

optimal allocation

g’ =+ (1/S)In(k/Kv)) / (k +v), )
and that with respect to h determines
h=w + (I/F)n(Lk’/Vv’)) / (k* +v°), (10)

which are shown in Fig. 3 as functions of total force level W as the number of doublet U and P
vulnerable and survivable missiles are reduced equally. U’s allocation to missiles, f, is roughly
constant at 0.25. U’s allocation of its first strike to military targets, h, and P’s restrike on military
targets, g, fall from about 0.75 at W = 2,000 to 0.55 at 500, after which they fall rapidly to zero
by 300. Thus, below about 1,000 weapons, second strikes shift rapidly to high value targets.

Figure 4 shows the total number of weapons allocated to high value targets in first and
second strikes as functions of the total number of weapons available. At 2,000 weapons they are
about 400 and 300 weapons, or about 20 and 15% of the total, respectively. By W = 500 they are
300 and 225, reflecting the shift to high value shown in Fig. 3. For smaller values they fall
rapidly, but constitute most of the remaining weapons.

Figure 5 shows the resulting costs. The cost for damage to value changes little, but the
cost for damage to military targets falls from about 0.75 to 0.5, so the total cost falls below the
cost of inaction by about 600 weapons even when they are targeted optimally between military
and high value targets. Figure 6 provides more detail on the variation of component costs. Cjp,
only falls about 30%, but its components vary more: Cjps falls 100%; C)p, increases a like
amount. Similarly, C;ys and Cy,, vary about 50%, but C,, varies little. Modest changes in
aggregate costs are the result of larger changes in components—particularly at small forces.

Sensitivity to cost parameters. Sensitivity to L is understood from preveious analyses of

purely military target structures. Sensitivity to V, which reflects U’s preference for damage to



P’s high value targets is straightforward. The calculations are done for the small force W = 400,
because Eq. (10) indicates that for large forces,h~v’ / (k> +v’)=1/k’ / (1/k’ + 1/v’), i.e., that U
targets military targets in proportion to their fraction of the total. For small forces, the allocation
is more complex. There,as V increases, h falls from unity at V=0to 0 at V ~ 1. Figure 7 shows
that has little impact on military or high value target costs for V < 1. However, C; increases with
V for any first strike and allocations, so the cost of inaction L + V increases linearly with V,
crossing C; at V = 1. Thus, small V, i.e, little preference for damage to the other’s high value
targets, leads to inaction, while large V, i.e, preference for damaging high value targets, could
lead to strikes.

Figure 8 shows the strike allocations as functions of K, which is U’s preference for
avoiding damage to it own high value targets. The allocation to missiles is again about 0.25,
increasing slightly for very small or large K, which produces corresponding increases in the
weapons per missile r and decreases in their survival probability Q’ there. h is about 0.55, falling
slightly at extreme K. g falls from about 0.8 to 0.4 as K increases from 0.25 to 2.3.

Figure 9 shows the variation of component costs caused by these variations in allocations.
Costs due to military targets fall slightly at small K. Costs for high value targets increase roughly
in proportion to K--largely due to the cost of damage to U’s value, which is proportional to K.
Since K does not enter the cost of inaction, it remains fixed at L + V = 1.5. Thus, small K make
the cost of action smaller than that of inaction, and large K make it larger. Said another way, a
low concern for one’s own high value targets reduces stability margin, and a large concern
increases it.

Defenses primarily reduce second strikes in this analysis. Adding a term —I, where I is the
number of U interceptors, does not change the optimal value of h. It changes the denominator of
the first term in Eq. (9) to S’ — I, which decreases g’. It also changes the second strike in the
iterative solution for the allocation f. Figure 10 shows the allocations as functions of I. f
increases from 0.25 to 0.5 at [ = 350, where it becomes efficient to increase the weapons on each
vulnerable missile M from r = 1 to 2, which decreases Q’ from 0.2 to 0.04. That decreases h
discontinuously; g falls throughout for the reason discussed above.

Figure 11 shows the resulting costs. The cost to U for military targets falls to I = 300; the
cost for high value targets falls for larger I. The total cost decreases throughout, falling below the

cost of inaction at about I = 100. Figure 12 shows the weapons delivered on high value targets in



first and second strikes. At small I, the top curve is the first strike, F; the second is the second
strike, S; the third is the weapons on P’s value in U’s first strike; and the fourth is P’s weapons
on U’s high value targets in its second strike. F is about 750 until it becomes effective to shift
additional weapons to missiles at I = 350. The second strike S falls throughout with survivability
and interceptor losses. U’s first strike on high value remains relatively constant at 330 to 310
weapons. P’s strike on value remains roughly constant to I = 350, where it falls more sharply due
to reduced prelaunch survivability under increased weapons per missile. Of these trends, perhaps
the most useful is U’s incentive to do additional damage limiting with its defenses, which can
significantly reduce the damage to its high value targets.

Summary and conclusions. The formalism developed for addressing first strike costs
and incentives used for the analysis of military targeting generalizes in a natural and efficient
way to include higher value targets. This introduces two new allocations in addition to the
allocation between missiles and military targets discussed in earlier analyses. They are the
allocation of the first strike between military and high value targets and the allocation of the
second strike between the first striker’s military and high value targets. The new allocations can
be performed analytically, given the iterative solution of the allocation of the first strike between
missiles and value. As the number of weapons on each side decreases, the optimal fraction of
second strike weapons allocated to military values falls. This implies a shift of targeting towards
high value targests that becomes sharper below about 1,000 weapons for nominal conditions.
Below 500 weapons the first striker’s cost of action drops below its cost of inaction. A strike
there would induce a second strike of about 250 weapons on high value targets. As the first
striker’s preference for damage to the other’s high value targets increases, or its preference for
preventing damage to its own high value targets decreases, first strike costs and stability margins
are reduced.

When defenses are included, allocations are complicated slightly, but the main effect is
the increased attrition and of second strikes, particularly at larger defenses. That makes it
possible to significantly reducing damage to high value targets. At a level of 1,000 weapons, the
first striker’s costs are strongly reduced by > 300 interceptors. By 400 interceptors the first
striker’s cost is reduced to 30% below that of inaction and the number of weapons delivered on
the first striker’s high value targets is reduced to about 100. To fully evaluate the impact of these

results on stability it is necessary to examine the other sides’ first strike costs as well.
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Fig. 10. allocations vs interceptors
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Fig. 12. strikes on high value targets vs interceptors
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